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optical properties of the films [9-11]. Besides, structural properties which include surface roughness and morphology of the 
film also influence by the film thickness [12]. Therefore this paper reported on the effect of the MgO film thickness to it 
electrical and structural properties by varying the deposition time via simple chemical method. 
2. Experimental procedure 
2.1. Solution and  films preparation 
Magnesium acetate tetrahydrate was dissolved in ethanol with small addition of nitric acid to be act as the stabilizer. The 
solution was then sonicated in ultrasonic bath at 50°C for 20 minutes. Heating, ageing and stirring processes were then 
carried out at 80°C and room temperature respectively. Prepared solution was then deposited on the glass substrate via spin 
coating method with the parameter were set to  3200 rpm for 30 sec and followed by drying process. These processes were 
repeated at several times (5, 10, and 15 times) to achieve three different film thicknesses. Finally the deposited MgO films 
were annealed at 500ºC for 1 hour in chamber furnace.                                              
2.2. Films characterizations 
The electrical characterization was performed using two point probes I-V measurement (BUKOH-KEIKI) with gold as 
the metal contact for the prepared films. Thickness, tox of deposited films was measured by surface profiler (Veeco) while 
for structural properties, atomic force microscopy (AFM-Park System XE100) and field electron scanning emission 
microscopy (FESEM-JEOL JSM 7600) were used to determine the surface topography and morphology of prepared MgO 
films respectively. 
3. Results and discussion 
3.1. Effect on electrical  properties 
The electrical properties of deposited MgO films were observed in terms of current voltage (I-V) behavior, resistivity and 
leakage current density. Fig. 1a shows the I-V characteristic of the films where the current was linearly increased with 
applied voltage. From the slope of the I-V graph, the values of resistance for each film was determined and by using the 
following equation (Eq. 1) the resistivity of the films are obtained.  
                                                                                                                                                                    
(1) 
where  is the resistivity, R is the resistance, w is the width, tox is the thickness and l is the length. As can be seen in Fig. 1b, 
the resistivity value was increased as the thickness of MgO film increased. The resistivity of MgO film at thickness of 171 
nm and 238 nm are 12.69x104 and 19.39x104 .cm respectively. However, when the film thickness reached 506 nm the 
resistivity value drastically increased to 68.89x104 .cm. Resistivity value obtained in this work is quite similar with work 
done by S. Lee et al. which their resistivity value is ~104 .cm [13] . Increased in resistivity was due to the large grain 
boundary area produced in the film. Therefore the carrier transport and carrier mobility in the film is reduced [13, 14]. This 
was proven by the FESEM images (Fig. 5) where the inhomogeneous film produced as the thickness increased from 171 nm 
to 506nm. Besides based on the resistivity formula (Eq. 1), resistivity is films thickness dependence; therefore rise in 
resistivity was also due to the thicker film of MgO. 
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Fig. 1. Electrical behaviour in terms of (a) I-V characteristic and (b) Resistivity for deposited MgO films. 
 
Leakage current density, J is one of important criteria in determining the best dielectric film. High dielectric material with 
low current density will lead to produce high dielectric strength material.  C.Bondoux et al. also investigate current leakage 
density of MgO films and they found that the current density was two order of magnitude lower (10-6 A/cm2) [5] than 
common insulator layer (SiO2 ~4 x 10-4 A/cm2) . Leakage current density (Fig. 2) of deposited MgO films in this work was 
found to be three orders of magnitude (1x10-7 A/cm2) lower than SiO2 over the voltage range of -10 to 10V and it has same 
in magnitude with T. L. Chen et. al [15]. From the graph also, it shows that as the thickness increased the leakage current 
also increased.  Somnath et al. also found the same trend in their MIM capacitor [16]. We expected that this was related to 
the porosity formed in the film which created a path for the carrier to pass through the film. 
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Fig. 2. Leakage current density, J at various MgO thicknesses measured at room temperature.  
 
3.2. Effects on surface topography and morphology 
Surface topography in 3-dimensional images of deposited MgO films observed by AFM was shown in Fig. 3. As stated 
by G. Hu et al. surface roughness of the films was the measure of the surface texture of the film in terms of their RMS value 
of the surface height profile of the film [17]. From the images and RMS surface roughness data tabulated in Table 1, it 
(a) (b)
740   Z. Habibah et al. /  Procedia Engineering  56 ( 2013 )  737 – 742 
revealed that the roughness of the film decreased from 29.049 nm to 18.942 nm when the film thickness increased from 171 
nm to 238 nm. This was due to the small particle produced in MgO film with 238 nm thickness. However, it can be seen 
that the film roughness was then increased to 202.396 nm when the film thickness reached 506nm. K.K. Nanda et al. stated 
that the roughness of the film was determined by the difference between peak and valley on the film surface [12]. Since this 
film was in island structure form (Fig. 5a), therefore the difference between peak and valley is higher and lead to the higher 
surface roughness [13]. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Surface topography with thickness (a) 171nm, (b) 238nm and (c) 506nm of deposited MgO film. 
 
 
Table 1. Influence of thickness on the surface roughness of MgO films. 
 
Thickness of MgO Films 
(nm) 
Root Mean Square Roughness, Rq 
(nm) 
Average Surface Roughness, Ra 
(nm) 
171 29.049 23.228 
238 18.942 14.981 
506 202.396 180.465 
 
 
FESEM images in Fig. 4 shows the surface morphology of MgO film at thickness of 171-506 nm at 50k magnification. It 
shows that, the morphology of the film was thickness dependence where the grain boundary of the film became larger as the 
thickness increased. From the surface morphology obtained, it clearly being seen that as the thickness of the film increased 
from 171 nm to 238 nm, the size of the MgO particles are reduced. Nevertheless, the number of voids in the film was higher 
compared to film with 171 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. FESEM images of magnesium oxide thin films at 50K magnification at different thickness. 
 
 
 
 
171 nm 238 nm 506 nm
(a) (b) (c)
741 Z. Habibah et al. /  Procedia Engineering  56 ( 2013 )  737 – 742 
As stated by W. Xu et al. higher growth film will contribute to the formation of high density film with porous structure 
[18]. The morphologies obtained were similar to those reported in  S. K. Shukla et al. [8] and S. H. Tamboli et al. [9] where 
MgO particles are in nanometer dimension with some porosity in their films. We also found that, at thickness of 506 nm, the 
film produced was in island structure and it being proven by surface morphology of the film presented in Fig. 5 (a). This 
was due to the large increment in the thickness [4]. Evolution of film is divided into two stages which are initial nucleation 
and agglomerated grain [4, 19].  Therefore, it can be said that, below 506 nm, the film growth was in nucleation state and 
became a seed layer to produce island structure and the large grain composed of nanometer particle of MgO (Fig. 5b). In 
order to investigate the elements existing in the deposited MgO films, Energy Dispersive Spectrometer (EDS) analysis (Fig. 
5c) have been performed and it confirms the presence of magnesium and oxygen elements in the films with some 
contamination of sodium. Besides, platinum peak also observed and this was due to the coating process during the analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Surface morphology at magnification of (a) 5k, (b) 100k and (c) EDS spectra of 506 nm MgO film. 
4. Conclusion 
Magnesium oxide, MgO film with different thickness (171, 238 and 506nm) has been successfully deposited on glass 
substrate using simple chemical deposition technique by controlling the deposition time. Electrical properties obtained 
revealed that as the thickness increase, the insulating characteristic of the film are reduced where the leakage current 
density, J was increased.  However, the obtained leakage current density value (10-7 A/cm2) was smaller than SiO2 which is 
suitable to be used as dielectric layer. Increased in grain boundaries resulted in the reduction of resistivity value of the 
deposited films which caused by high carrier scattering. Island structure composed of MgO nano particle was observed for 
film with 506nm thickness. MgO film with 238 nm thickness was suitable to be used as dielectrics because of high 
resistivity and low leakage current density. In addition, the particle size produced in this film was in nanometer dimension 
which will enhance the surface area per unit volume of the film.   
(a) (b)
(c) 
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